The Bioactive composition of blueberries has attracted interest as a potential source of beneficial bioactive compounds, especially polyphenols, because the consumption of plant phenolics and others bioactive compounds has been recognized as lowering the risk of aging-associated diseases. Berries such as the Brazilian blueberry (Vaccinium ashei Reade) are increasingly cultivated throughout the world. In Brazil, its cultivation is rather recent and not wellknown. However, Brazil has an ideal climate and has a great potential for increasing production. The study aimed to identify and quantify the major bioactive compounds in the skin, pulp and entire fruit of six Brazilian blueberry cultivars belonging to the group Rabbiteye, and to evaluate its antioxidant activity. Determinations of L-ascorbic acid, tocopherols, phenolics, individual carotenoids and antioxidant activity were done. These determinations were made on Powderblue, Briteblue, Bluebelle, Clímax, Delite and Woodard cultivars, provided by Embrapa Clima Temperado, Pelotas-RS. The blueberry fruits are rich sources of phenolic compounds but other bioactive compounds such as tocopherols, carotenoids and vitamin C also were found. All phytochemicals analyzed, with the exception of some phenolic acids, were found at high levels in the peels (or skin) of blueberry cultivars tested, due to its function as plant protector, resulting in a higher antioxidant activity of fruit peel.
INTRODUCTION
Research studies have been increasingly focused on plant polyphenols and their positive health effects. Thus, it has been proven that a diet rich in fruits and vegetables containing various classes of polyphenols (phenolic acids, flavonols, catechin monomers, proanthocyanidins, flavones, flavanones, anthocyanins) reduces the risk of certain types of cancer, cardiovascular disease, and other chronic diseases [1] [2] [3] [4] [5] [6] .
The health benefits of blueberries (Vaccinium sp.) became widely accepted after Prior [7] reported that blueberries had the highest antioxidant activity of 42 fruits and vegetables evaluated. This finding sparked numerous investigations into the health benefits of blueberries. Several studies have confirmed that blueberries contain high antioxidant activity compared with other fruits [7] [8] [9] .
In Brazil, the cultivation of Brazilian blueberries has not been well known. However, research has intensified, with the goal of verifying its adaptability to the Brazilian climate
Chemicals
All the chemicals used were of chromatographic grade. The phenolic standards were purchased from Sigma Chemical Co. (St. Louis, MO) and Fluka (Milwaukee, WI), including the hydroxycinnamic acids: caffeic, ferrulic and pcoumaric; the hydroxybenzoic acids: gallic, ellagic and phydroxybenzoic; the flavonols: quercetin, kaempferol and myricetin; and the flavanols: (+) catechin and (-) epicatechin, all with 96-99% purity. The standards β-cryptoxantin, lycopene, lutein and zeaxantin, obtained from Chromadex (Irvine, USA) and β-carotene from Fluka (St. Louis, MO), all 97% pure, were used in the determination of the carotenoids. The chromatographic standard used in the determination of ascorbic acid was L-(+)-ascorbic acid, 99% pure, obtained from Synth (Diadema, Brazil). The reagents for the other analyses were all of analytical grade.
HPLC Analysis
A Shimadzu HPLC system was used for quantification and identification, equipped with an autosampler SIL 10AF, quaternary gradient pump LC-10AT VP, degasser DGU 14A, column oven CTO-10 AS, UV-visible SPD-10AV and fluorescence RF-10A XL detectors and a RP-18 CLC-ODS reverse phase column (5µm, 4.6 mm x 150 mm) with an octadecyl stationary phase, protected by a CLC-GODS guard column and with Class vp computer software.
Individual Content of Phenolic Acids, Flavonols and Flavanols
The individual phenolics extract was prepared using an adapted method [11] . The sample was extracted with methanol and then hydrolyzed by adding hydrochloric acid p.a. (1.2 M HCl, final concentration). The extract was homogenized in a water bath at 35ºC in the absence of light for 24 hrs and then filtered. The supernatant was concentrated in a rotary evaporator at 40ºC for 20 mins. The concentrated residue was re-dissolved in methanol to a final concentration of 5 mL, centrifuged (7,000 rpm/10 minutes) and 30 µL of the resulting supernatant injected into the HPLC.
The individual phenolic compounds were quantified based on a calibration curve prepared with external standards of p-coumaric acid, caffeic acid, quercetin, ferrulic acid, epicatechin, p-hydroxybenzoic acid, gallic acid, ellagic acid, catechin, myricetin and kaempferol. The values for the calibration points were stipulated based on previous studies with the quantification of individual phenolic compounds in small fruits [12] .
The HPLC separation was carried out using gradient elution with the mobile phases A (water:acetic acid 99:1, v/v) and B (methanol) at a flow rate of 0.8 mL/min, a column temperature of 25°C and the following gradient: 0 min -100% A; 25-27 min -60% A plus 40% B; 37-42 min -95% A plus 5% B; 45 min -100% A.
Carotenoids
The carotenoids were exhaustively extracted with acetone, transferred to petroleum ether according to a previously published method [13] and saponified with 1.5 N ethanolic KOH. A 20 µL aliquot of the resulting sample was injected into the HPLC.
For all the samples, the carotenoids were separated using a linear gradient of methanol:acetonitrile:ethyl acetate from 30:70:0 to 10:80:10 (v/v/v) in 10 min, maintaining this proportion for 5 min and then applying another linear gradient to 5:80:15 in 30 min, returning to the initial conditions in 10 min, giving a total chromatographic time of 40 mins. The flow rate was 1 mL/min and the column temperature was set at 25 °C. The chromatograms were processed at 450 nm.
The carotenoids were identified according to the following parameters: chromatographic behavior on the C18 HPLC column and co-chromatography with authentic standards. The carotenoids were quantified by HPLC, using external calibration curves for lutein, β-cryptoxanthin, lycopene and β-carotene, with a minimum of five concentration levels. The carotenoids were quantified by comparison of the peak area of the sample with that of the standard, injected daily.
Tocopherols
The tocopherols were extracted using the same methodology described for carotenoids [13] . The fluorescence detector was used in the HPLC analysis with excitation and emission wavelengths of 290 and 330 nm, respectively. Separation was carried out by gradient elution using the following mobile phases: methanol:acetonitrile: isopropanol from 40:50:10 to 30:65:5 (v/v/v) in 10 mins, followed by a linear gradient to 50:40:10 in 2 mins, maintaining this proportion for a further 15 mins. The flow rate was 1 mL/min and the column temperature was set at 25 °C. An external standard curve was used to quantify the α-, δ-and γ-tocopherols, comparing the areas of the sample peaks with those of the samples, injected daily.
Ascorbic Acid
A 4.5% aqueous metaphosphoric acid solution was used to extract the ascorbic acid, and a 20µL aliquot of sample injected into the HPLC.
The chromatographic separation was carried out by gradient elution using the mobile phases of water:acetic acid (99.9:0.1 v/v) (A) and methanol (B), according to the adapted methodology of [14, 15] .
A linear gradient was used from 100% A to 98% A for 5 mins, maintained for 3 mins, and then returned to the starting conditions, giving a total run time of 10 mins. The flow rate was 0.8 mL/min and the column temperature was set at 25°C. An external standard curve of ascorbic acid was used for quantification, comparing the area of the sample peak with that of the standard, injected daily.
Antioxidant Activity
The antioxidant activity was determined from the ability of the compounds present in the samples to sequester the stable radical DPPH· (2,2-diphenyl-1-picrylhydrazyl), according to the methodology described by [16] with slight modifications. The compounds with antioxidant activity that were present in the blueberries were extracted with methanol, and the sample homogenized using an UltraTurrax at maximum speed. After maceration for 24h at a temperature of 3-4ºC, the sample was centrifuged.
A DPPH stock solution was prepared by dissolving 24 mg of DPPH free radical in 100 mL methanol and storing it under refrigeration. At the moment of analysis, 10 mL of stock solution were removed and diluted in 45 mL methanol to prepare the working solution. The absorbance of this solution was adjusted to 1.1 ± 0.02.
To quantify the antioxidant activity, 100 µL of sample extract were added to 3.9 mL of the DPPH working solution in order to bring the volume to 4 mL. The absorbance of the sample at 517 nm was read in the spectrophotometer after 30 mins and again after 24 hrs. A standard curve was prepared with Trolox for quantification of the antioxidant activity.
Statistics
The data were analyzed for their homoscedasticity and subsequently submitted to an analysis of variance (p≤ 0.05). The effects of the cultivar and of the different parts of the fruit were evaluated by a comparison of the means using the Tukey test (P≤0.05). The presence of correlation between the dependent variables was analyzed using Pearson's correlation coefficient (Sas Institute, Cary, North Carolina, USA, software version 9.1).
RESULTS AND DISCUSSION

Phenolic Acids, Flavonols and Flavanols
Gallic acid was the main phenolic acid found in the blueberry, reaching up to 50% of the total phenolic compounds found in the cultivar Powderblue, being found mainly in the pulp ( Table 1) . In the skin, this acid represented from 0.5-20% of the total phenolic compounds. The amounts of p-coumaric acid and caffeic acid found in the Powderblue, Climax and Woodward cultivars were similar to the amounts found by others in the same cultivars [17] . The major flavonol found in the blueberry was myricetin, which, in contrast to gallic acid, was found mainly in the skin, representing 40-60% of the phenolic compounds, whereas its contents varied from 0.1-35% in the pulp. This result is similar to that found by others [18] , who, working with different parts of the blueberry, showed that myricetin was only present in the skin. With respect to the flavanols analyzed, epicatechin was not found in the cultivars analyzed. Catechin represented a maximum of 1% of the total phenolic compounds found, and was not found in many cultivars.
There was a marked difference between the different parts of the plant with respect to the composition of phenolic compounds, as also shown by [18] , who also found myricetin and quercetin mainly in the skin. The same authors found contents of 53.1 mg/100g in the fresh fruit, in agreement with the quercetin contents found in the present study (56.3 mg/100g fresh fruit for "Bluebelle"), and also showed that solar radiation increased the quercetin and kaempferol contents of the leaves of the "Bilberry" cultivar, suggesting that these compounds were photo-protectors. This would also explain the presence of the flavonols mainly in the skin of the fruits for all the blueberry cultivars examined in the present study. The hydroxycinnamic acids were found in all parts of the "Bilberry" and "Highbush" cultivars, as also in the blueberry cultivars examined in the present study, supporting the idea of their defensive action against phytopathogens and other stress factors such as injuries, solar radiation and low temperatures. 
Carotenoids
Five peaks were observed in the chromatographic separation of the carotenoids, of which four could be identified using the chromatographic standards ( Table 2) . As expected for reversed-phase columns, polar carotenoids with two hydroxy groups such as lutein, eluted before the monohydroxy carotenoids (β-cryptoxanthin). The carotenes, lycopene and β-carotene were the last to elute under these conditions. The total carotenoid content was obtained from the sum of lutein, β-cryptoxanthin, lycopene and β-carotene, and varied from 0.3-3.7 µg/g, differing significantly between the cultivars. These results are in agreement with those of other authors [19] who worked with six species of small fruits, and found 2.9 µg/g carotenoids in blueberry. The same authors did not detect lycopene in the blueberry analyzed (Vaccinium myrtillus), or in the cultivars Climax and Delite, and the other cultivars analyzed in this work presented very small amounts (0.01 µg/g).
Of the carotenoids analyzed, the main one was β-cryptoxanthin. β-carotene was only found in the skin of the fruits, and both lutein and β-cryptoxanthin were also found mainly in the skin of the fruits, with the exception of the cultivars Powderblue and Climax, which showed greater contents of β-cryptoxanthin in the pulp.
In fruits such as blueberry, in which the main compounds present belong to the class of anthocyanins (data not shown), the carotenoid content reduces during ripening [20] , such that these fruits are not considered to be good carotenoid sources. As a result of this, there are few studies on the content of these components in berries, although the present results show that carotenoids do exist in the composition of the bioactive substances of blueberry and could contribute to the antioxidant activity together with the anthocyanins.
Tocopherols
Three distinct peaks were observed in the chromatographic separation corresponding to tocopherols, which, by comparison with the standards, were identified as δ-, γ-and α-tocopherols.
The total tocopherol contents found in the pulp and other parts of the different cultivars of blueberry were statistically different for the majority of the samples (Table 3) , the cultivar Woodard showing the highest contents in the whole fruit, and the cultivar Climax the smallest values, being 0.56 mg/100g and 0.12 mg/100g, respectively.
Of all the parts analyzed, the skin had the major content of tocopherols -between 9.5 times more than the pulp for the cultivar Delite, to 59 times more for the cultivar Briteblue. When compared to the amount of tocopherols in the skin of the fruits analyzed in this study to the amount in blueberry seed oils [21] , it can be seen that the Woodward and Briteblue have similar amounts of α-tocopherol, and the same amount of δ-tocopherol found in Briteblue. Previous studies done with the Woodward cultivar are also in agreement with the results in this study [22] .
Data on the tocopherol contents of fruits in the literature are rare. Other authors [23] found tocopherol contents from 46 to 89% higher than those found in the cultivars examined in the present study, and this difference could be related to the type of cultivar, year, climate or cultivation differences.
Other authors [24] reported α-tocopherol contents of 0.08 mg/100g in grapes, a value similar to that found in the present study for the cultivars Climax and Powderblue (0.09 mg/100g for both). However, these were the cultivars that presented the lowest α-tocopherol contents, the cultivar Woodard showing the greatest contents both in the whole fruit and in the skin. With respect to α-tocopherol, the cultivar Bluebelle showed a total absence of this component in the skin and the pulp, this tocopherol only being found in the cultivars Woodard and Delite.
In general, the tocopherol and tocotrienol contents in plants are higher in the mature leaves and other tissues more exposed to solar light, such as the fruit skin, and lower in the roots and other tissues with limited exposure to light. The γ-tocopherol contents found in the skins can be compared with rich sources of tocopherols, such as olive oil, which, according to [25] shows γ-tocopherol contents of 1.3 -5 mg/100g of oil, or sunflower oil with 0.4-3.0 mg/100g oil. However, the same author showed that the total tocopherol contents of these oils could reach 203 mg/100g oil for olive oil or 91 mg/ 100g oil for the sunflower oil.
There was a strong correlation between the tocopherols (α, δ and γ) and the individual carotenoids (lutein, lycopene and β-carotene), the correlation between lutein and the α and γ-tocopherols being very high, above 0.90 (data not shown), which was to be expected, since both these groups of compounds (tocopherols and carotenoids) are synthesized in the chloroplasts.
Ascorbic Acid
For all the cultivars, the skin showed the highest Lascorbic acid contents (0.199 -0.981 mg L-ascorbic acid/100g fresh fruits), with the exception of the cultivars Bluebelle and Delite, which showed no significant differences between the L-ascorbic acid contents in the skin and the pulp. The cultivar Bluebelle was the only one showing significant differences in the content for L-ascorbic acid in the whole fruit, when compared to the others.
The L-ascorbic acid contents varied from 0.15-0.73 mg L-ascorbic acid/100g fresh fruits, values different from those found by [26] of 6.9 mg L-ascorbic acid/100g fresh fruits and by other authors [27] of 8 mg L-ascorbic acid/100g fresh fruits for blueberry and 6 mg L-ascorbic acid/100g fresh fruits for mulberry. The results of this analysis indicated that the cultivars of blueberry analyzed had vitamin C contents of little importance, despite being considered a fruit rich in antioxidant compounds, but the vitamin C content was very small as compared with that of phytochemicals such as phenolic compounds. Other authors [28] also showed that the contribution of vitamin C in the antioxidant activity of eleven fruits was very low, and confirmed that the greatest contribution to the total antioxidant activity of the fruits was due to the composition of the phenolic compounds. Table 4 shows the values found for the antioxidant activity of the blueberry fruits in the presence of the chromogenic compound (DPPH) (free radical), after reaction times of 30 mins and 24 hrs.
Determination of the Antioxidant Activity
As in the other analyses, the fruit skin showed the highest antioxidant activity for all the cultivars evaluated both after 30 mins and after 24 hrs. For both reaction times, Powderblue was the cultivar showing the highest values for antioxidant activity with the free radical DPPH, as also when analyzed by [29] using the ORAC method.
In the methodology using the free radical DPPH, the measurement times employed are generally 30 mins. However in the present study, sample absorbance was measured after both 30 mins and 24 hrs with the objective of showing the influence of time on the antioxidant activity values. It was shown that the values obtained after 24 hours of reaction were higher than those obtained after 30 minutes, increasing by 0.2-119% in the fruit pulp.
After 30 mins of reaction time, the values for antioxidant activity varied from 552.2-1046.5 µmol TE (Trolox Equivalent)/g for the whole blueberry fruits, whereas [30] found 674 µmol TE/g for whole mulberries and higher values for blueberry cultivars, with the exception of the cultivars Climax and Delite. In the study carried out by others [30] , a mulberry extract enriched with anthocyanins was shown to verify the influence of this component on the antioxidant activity, and a value of 4885 µmol TE/g of extract was found, similar to the amount found in the skin of the cultivar Bluebelle.
From the Pearson's correlation coefficients it was observed that after both 30 mins and 24 hrs the antioxidant activity only correlated well with the determination of individual phenolics (0.75 and 0.76, respectively), and amongst this class of compounds, myricetin and quercetin were the only compounds showing a strong correlation with the antioxidant activity. Other authors, working with neotropical blueberries, also found a significant correlation between phenolic content of the fruit extracts and their DPPH scavenging activities [31] . The other determinations presented a moderate correlation, with the exception of vitamin C, which showed a weak correlation with values of 0.30 and 0.28 after 30 min and 24 hr of reaction, respectively.
CONCLUSIONS
The blueberry fruits were shown to be rich sources of phenolic compounds, but other bioactive compounds such as tocopherols, carotenoids and ascorbic acid, were also present. Quantitative and qualitative differences were found in the phytochemical composition both between different cultivars and between different parts of the same fruit.
With the exception of some of the phenolic acids, all the phytochemicals analyzed showed much higher contents in the skin of the blueberry cultivars examined than in the pulp, resulting in a greater antioxidant activity in the skins of the fruits.
Correlations were observed between the phenolic content and the antioxidant activity, and also between the tocopherols (α, δ and γ) and the carotenoid content. However ascorbic acid showed a weak correlation when compared with the other determinations carried out. 
